The following study was conducted to investigate the efficacy of several leaf and berry extracts against a range of food-borne pathogens and food spoilage bacteria. The methanol, ethanol, and ethyl acetate extracts of Myrtus communis leaves and berries were examined for in vitro antibacterial activity. The methanolic leaf extract of M. communis, which was seen to have antibacterial activity against Listeria monocytogenes CECT 4032 and Pseudomonas aeruginosa IH, was further investigated to determine the effect of the extract on viable counts of bacteria using the bacterial cell-death time. Most of the extracts showed relatively high antibacterial activity against most of the tested microorganisms. None of the extracts was active against Escherichia coli K12. The results obtained confirm the antibacterial potential of the extracts of M. communis.
INTRODUCTION
Food contamination and spoilage by microorganisms is a yet unresolved problem, despite the range of preservation techniques available. The microbiological safety of food continues to be a major concern to consumers, regulatory agencies and food industries throughout the world. [1] Microbial contamination still poses important public health and economic concerns for the human society. Among many strategies to inhibit the growth of undesirable microorganisms, is the use of chemical agents that exhibit antimicrobial activity. These chemicals may be either synthetic compounds intentionally added to foods or naturally occurring and biologically derived substances. Traditional antimicrobials such as acetic, benzoic, lactic, propionic and sorbic acids and nitrite and sulfites have been used for many years to control the growth of microorganisms in foods. [2, 3] However,
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current consumer demand for more natural and fresh-like foods containing fewer synthetic additives but increased safety and shelf life, have encouraged food manufacturers to use natural or mild preservation techniques, with the results that alternative sources of safe, effective and acceptable natural preservatives need to be explored. Plant extracts and essential oils have long constituted a natural source of antimicrobial compounds. [4, 5] Essential oils and purified components are used as natural antimicrobials in food systems, as well as to prevent the growth of food-borne bacteria and moulds, resulting in a longer shelf life for processed foods. [6, 7] These medicinal herbs constitute indispensable components of traditional medicine practised worldwide due to their low cost and easy access. [8] In recent decades, antimicrobial plant products have gained special interest because of the resistance to antibiotics that some microorganisms have acquired [9] , and due to increasing popular concern about the safety of food and the potential impact of synthetic additives on health. [10] Morocco has a rich flora that is widely distributed throughout the country. Many plants or their components are used as folk medicines in many parts of the world to cure various infectious diseases such as urinary tract infections, bronchitis, diarrhea, cutaneous abscesses and parasitic diseases. Myrtus communis a member of myrtaceae family is an evergreen sclerophyll shrub or small tree. [11] It is traditionally used as an antiseptic, disinfectant drug and hypoglycaemic agent. [12] Different parts of the plant find have been used in the food industry, for example for flavouring meat and sauces, and in the cosmetic industry. [13] Foods flavored with the smoke of myrtle are common in rural areas of Italy or Sardinia. [14] To the best of the authors' knowledge and following a survey of the pertinent literature, only a few reports about the antibacterial activity of the essential oils and crude methanol extract of M. communis leaves have been published [15] [16] [17] , although several authors have found that the solvent used and the extraction system may modify the antibacterial activity of the extracts. [18] For these reasons, the aim of the work was to test the efficacy of various leaf and berry extracts against a diverse range of food-borne pathogens and food spoilage bacteria.
MATERIAL AND METHODS

Plant Material
Myrtus communis L. (Myrtaceae) leaves and berries were collected from Chefchaouen region (NW Morocco) during their vegetation period. The taxonomic identification of plant material was confirmed by A. Ennabili (from The National Institute of Medicinal and Aromatic Plants, Sidi Mohamed Ben Abdellah University). The collected plant materials were dried in an oven (Selecta, Barcelona, Spain) at 35
• C and then the leaves and berries of plants were separated and ground in a grinder (Moulinex, France).
Preparation of Extracts
Dried powders of leaves and berries from M. communis were extracted with different solvents (methanol, ethanol, and ethyl acetate). A twenty-five gram aliquot of each dried sample was extracted using 100 ml of methanol, ethanol, or ethyl acetate, respectively, at room temperature for 7 days. Two extraction replicates of each solvent were prepared for each plant sample. The extracts were filtered through a Whatman #1 filter paper and the solvents were eliminated using a rotary evaporator (Buchi Rotvapor R-200) to obtain a dry extract. The extracts were stored at −20
• C until use. 
Microorganisms
Antibacterial Activity Assay
The antibacterial tests were performed using the agar-well diffusion assay, [19] preparing a basal layer with Muller-Hinton agar. After the agar plates had solidified, sterile 8 mm diameter cylinders were deposited. Six ml of LB medium in superfusion containing 0.8% agar were inoculated with a fresh culture of indicator bacterial strain (final concentration 10 6 CFU/ml). After solidification, the wells were filled with 50 µl of extracts. Negative controls were prepared using the same solvents as used to prepare the extracts. After standing at 4
• C for 2 h, the plates were incubated at 37
• C for 24 h. The plates were then inspected for bacterial growth inhibition, as indicated by a clear zone around the wells. The size of any inhibition zone was measured and the antibacterial activity was expressed in terms of their average diameter of inhibition zones. The absence of such a zone was interpreted as the absence of inhibitory activity. Each extract was tested in triplicate.
Determination of Minimum Inhibitory Concentration (MIC)
The minimal inhibition concentration (MIC) values were determined for the bacterial strains which were sensitive to the extract in well diffusion assay, as reported by Koneman [20] and Camporese, [21] following the recommendations of the National Committee for Clinical Laboratory Standard. [22] Dry extracts were initially diluted in Mueller Hinton Broth, to reach the final concentration of the first test well of each microtiter line, and then 50 µl/ml scalar dilutions were successively transferred from the second to the 7 th well, while the 8 th tube was considered as growth control, since no extracts solution was added. Then, 50 µl of a 10 6 CFU/ml bacterial suspension were added to each well. The final concentration of the extracts ranged from 5 mg/ml to 0.019 mg/ml. Plates were incubated for 18 h at 37
• C. The lowest concentration of the sample which permitted growth of test organisms was taken as the MIC (expressed in µl/ml).
Effect of Extracts on Viable Counts of Bacteria
This effect was determined by the bacterial cell-death time assay for the methanolic Myrtus leaf extract against Listeria monocytogenes CECT 4032 and Pseudomonas aeruginosa IH. Approximately 10 6 CFU/ml of test bacterial strain was introduced into 20 ml of LB containing MIC, 2 MIC or 4 MIC of methanol leaf extract for Pseudomonas aeruginosa IH and Listeria monocytogenes CECT 4032. The controls consisted of two sets of duplicate cultures, one without extract (negative control). All experiments were incubated in a shaker water bath at 37
• C. At 30 min intervals, 1 ml of sample was withdrawn, diluted in ten-fold series and 1 ml of each dilution was plated on MHA. After 24 h of incubation at 37
• C, emergent bacterial colonies were counted and compared with the count of the control culture without extract. The results were expressed as negative or positive log10.
Statistical Analysis
The data obtained for antibacterial activity of the extracts were statistically analysed by and ANOVA and mean values were calculated. A Student's t-test was computed for the statistical significance of the results. Statistical data analysis was undertaken using the statistical package Statgraphics plus 2.0.
RESULTS AND DISCUSSION
The in vitro antibacterial activities of M. communis extracts against the bacteria used were qualitatively and quantitatively assessed from the presence or absence of inhibition zones. Table 1 shows the results obtained of the antibacterial activity for the various extracts obtained from M. communis leaves and berries. All the assayed extracts significantly inhibited the growth of at least some of the bacterial strains tested. Only one of the bacteria, E. coli K12, was not inhibited by any of the extracts assayed. However, methanol and ethanol extracts of both leaves and berries exhibited a potential antibacterial effect against the rest of the bacteria tested. No antibacterial effect of the ethyl acetate extracts (leaves or berries) was observed against any of the Pseudomonas strains (Ps. aeruginosa IH, Ps. aeruginosa CECT 118, Ps. aeruginosa CECT 110T, Ps. aeruginosa CECT 378), Proteus vulgaris CECT 484, and S. aureus MBLA.
Of the extracts obtained from leaves of M. communis, the methanol extracts showed the highest (P<0.05) antibacterial activity (the diameter of the inhibition zones ranging from 12 to 50 mm) while, of the extracts obtained from berries, the ethanol extracts showed the most potent antibacterial activity (the diameter zones of inhibition ranging from 14-37 mm). In general, the extracts obtained from leaves of M. communis showed stronger antibacterial activity (P < 0.05) than extracts obtained from berries, the diameter of the respective zones of inhibition being in the range from 12-50 mm and 11-37 mm, respectively (Table 1) .
In this study, all the extracts of M. communis exhibited significantly higher antibacterial activity (P<0.05) against the Gram-positive bacteria ( more resistant to plant-based extracts and essential oils, [23, 24] since the hydrophilic cell wall structure of Gram-negative bacteria is constituted essentially of a lipo-polysaccharide (LPS) that blocks the penetration of hydrophobic oil and avoids the accumulation of essential oils in target cell membrane. [25] This is the reason that Gram-positive bacteria were found to be more sensitive to the extracts of M. communis than Gram-negative bacteria.
Minimal inhibition concentration assays were performed to determine the concentration at which the extracts are effective. As shown in Table 2 , the minimum inhibitory concentration values of leaf extracts against the bacterial strains used were lower than those of the berry extracts. Methanol and ethanol extracts exerted higher (P < 0.05) antibacterial activity than the ethyl acetate extracts. The solvents did not inhibit the growth of any of the bacteria tested at the concentrations used. MIC values ranged from <0.075 mg/ml to 2.5 mg/ml for the methanolic leaf extracts and from <0.075 mg/ml to 5 mg/ml for the ethanol and ethyl acetate leaf extracts. The MIC values obtained using the methanol extract from berries ranged from 0.075 to 5 mg/ml, for the ethanol extract from 0.15 to 5 mg/ml and for the ethyl acetate extract from 0.3 to 5 mg/ml. The methanol, ethanol 1220 AMENSOUR ET AL. and ethyl acetate extracts of M. communis leaves exhibited similar antibacterial effect against L. innocua CECT 4030 and S. aureus CECT 794 (MIC value of 0.15 mg/ml and <0.075 mg/ml, respectively). For the same extracts obtained from berries of M. communis a similar antibacterial effect was found against the two strains of Listeria assayed (L. innocua CECT 4030 and L. monocytogenes CECT 4032) with respective MIC values of 2.5 mg/ml and 1.25 mg/ml. Overall, methanol extracts from leaves of M. communis showed the highest antibacterial activity of all the extracts. Moreover, this extract exhibited its highest bacterial effect against one food-borne Gram-positive bacterium (L. monocytogenes CECT 4032) and one spoiling Gram-negative bacterium (Ps. aeruginosa IH). The effect on viable counts of these two bacteria is shown in Fig. 1 .
Listeria monocytogenes is widely distributed in nature and is frequently found in a large number of food products, as well as in processing plants. [26] [27] [28] [29] Listeriosis is recognized as an important public health problem, affecting primarily pregnant women, newborns and adults with weakened immune systems. [30] [31] [32] The majority of human listeriosis infections are caused by the consumption of contaminated food. [33] Pseudomonas aeruginosa is a ubiquitous environmental bacterium. It can be recovered, often in high numbers, from common food, especially vegetables and in low numbers in drinking water. [34] As a result of their metabolic diversity, ability to grow at low temperatures and ubiquitous nature, many Pseudomonas can cause food spoilage. [35] Based on susceptibility, the results of the viable counts assay revealed that L. monocytogenes CECT 4032 and Ps.aeruginosa IH displayed different sensitivities to the methanol extracts of M. communis leaves. The effect of the extract on the growth of L. monocytogenes CECT 4030 demonstrated the reduced viability of the bacterium at the MIC concentration of the extract, the extent of reduction not increasing when the extract was added at higher concentrations (2 or 4 MIC). However, in the case of Ps. aeruginosa IH the reduction in bacterial viability was dose dependent since when the extract was added at 2 or 4 MIC, the reduction was higher (P < 0.05) than when it was added at 1 MIC. Methanol extracts from leaves exerted maximum bactericidal activity against Ps. aeruginosa IH at 2 MIC, as seen from the significant reduction in microbial counts after 10 h exposure. However, at 1 MIC, the maximum bactericidal activity of the extract was against L. monocytogenes CECT 4030.
Various publications have documented the antimicrobial activity of essential oils and plant extract constituents. [36] [37] [38] In recent years, several researchers have reported their major constituents to be phenolic compounds. M. communis L. leaves are characterized by the presence of flavonols (myricetin and quercetin glycosides) and galloyl derivatives, which include galloyl-glucosides, ellagitannins, and galloyl-quinic acids. [39] Thus, myrtle leaves contain different polyphenolic classes as previously described by Romani et al. [40] It seems reasonable to assume that their antimicrobial mode of action was related to the phenolic compounds present. [41] Most of the studies on the mechanism of phenolic compounds have focused on their effects on cellular membranes. They have been seen to attack not only cell walls and cell membranes, thereby affecting their permeability and the release of intracellular constituents, but also to interfere with membrane functions such as electron transport, enzyme activity or nutrient uptake. [24, 42] Thus, active phenolic compounds might have several targets which could lead to the inhibition of bacteria.
CONCLUSION
The Myrtus communis extracts evaluated in this study showed a varying degree of inhibitory activity against all the tested bacteria, except against E. coli K12. Methanol and ethanol extracts from the leaves of Myrtus communis exhibited the highest antibacterial activity against the food-borne pathogenic and spoilage bacteria tested. Therefore, extracts from Myrtus communis may act as an alternative to synthetic bactericides for use in the food industry, where bacterial pathogens cause great loss. The use of plant extracts as additives in food processing is expected to increase in the future due to the worldwide demand to reduce or eliminate chemically synthesized additives in foods, and to the recent phenomenon of "green consumption" which stimulates the use and development of products derived from plants. However, it is still unknown about the compounds are responsible for the antibacterial activity in different solvent extracts. The isolation and identification of the active principles of these plants extracts is now in progress. However, it must always be borne in mind that if plant extracts are to be used for food preservation or medicinal purposes, issues of safety and toxicity will always need to be addressed.
